157

Journal of Organometallic Chemistry, 187 (1980) 157—166
© Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

~

REACTIONS OF PENTAFLUCROPHENYLTRIMETHYLSILANE AND
CYANOMETHYLTRIMETHYLSILANE WITH CARBONYL COMPOUNDS
CATALYZED BY CYANIDE ANIONS

B.A. GOSTEVSKII, O.A. KRUGLAYA, A.I. ALBANOV and N.S. VYAZANKIN *

Institute of Organic Chemistry, Siberian Department of the USSR Academ& of Sciences,
664033 Irkutsk (U.S.S.R.)

(Received September 7th, 1379)

Summary‘

Treatment of pentafluorophenylirimethylsilane (I) and cyanomethylirimeth-
ylsilane (I1) with enolizable ketones in the presence of a catalytic amount of
potassium cyanide-18-crown-6 complex gave the corresponding trimethylsilyl
enol ethers. The same dehydrogenative silylation of acetylacetone and benzoyl-
acetone with silane I was extended to the preparation of 2,4-bis(trimethyl-
siloxy)-1,3-pentadiene and 1-phenyl-1,3-bis(irimethylsiloxy)-1,3-butadiene,
respectively. The dehydrogenative silylation of acetylacetone and benzoyl-
acetone with dimethylbis(pentafluorophenyl)silane under the same conditions
affords novel heterocycles 5-methylene-2,6-dioxa-1-silacyclohex-3-enes. In the
reaction studied the silylating ability of the silanes increases in the order
Me,SiCN = Me,Si(CN),; < MeSiCH,CN < Me3SiCeFs =~ Me,Si(CeFs),. On the
other hand, potassium cyanide-18-crown-6 complex catalyzed the addition of
silane I or I to a carbonyl sroup of non-enolizable compounds such as benzal-
dehyde, crotonaldehyde, and methyl(triethylgermyl)ketene.

Introduction

An important role is played by nucleophilic catalysis in the chemisiry of
organometallic compounds [1,2]. In particular, and of certain interest from the
synthetic point of view, are the addition reactions of organosilicon compounds
at the carbonyl group of aldehydes and ketones

JOSiRy
RCOR' + R3SiIX ———e RR'C{ . &8}
X

x = u[3.4]. cN[5-8]. Ny [8]. c=cen(o], cH,cH=cHr[10], cHcoor [11-14]
cingicooetfis], srfie-18]
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These reactions are rapidly initiated by anion (e.g. cyanide and fluoride ion)
and neutral nucleophiles such as pyridine {18] and triphenylphosphine [16].
Depending on the structure of the carbonyl compound and the nature of the
substituent X, reaction 1 may also occur in other directions. For example,
Evaus et al. have notaed that anionic initiators such as potassium cyanide-18-
crown-8 or potassium ethylthiolate-crown complex are efficient catal)sts for
the 1,4-addition of phenylthiotrimethylsilane to «,8-unsaturated ketones and
aldehydes [16]. This considerably increases the synthetic possibilities of the
reactions discussed. :

It has been shown by us in the work reported here that pentafluorophenyl-
trimethylsilane and cyanomethyltrimethylsilane are also related fo the organo-
silicon compounds which react readily with carbonyl compounds under condi-
tions of nucleophilic catalysis.

Resulis and discussion

Webb, Sethi and Gilman have shown [19] that pentafluorophenyltrimethyl-
silane (I) adds to benzaldehyde at 165—170°C over 4 days to give phenyl(pen-
tafluorophenyl)trimethylsiloxymethane. It is of interest that on the basis of
this evidence, Reutov has postulated a nucleophilically-assisted mechanism,
Sg1(N), for reactions of this type [1]. The addition of cyanomethyltrimethyl-
silane (IT) to both aliphatic and aromatic aldehydes (e.g. benzaldehyde) occurs
at 160—180° C when catalyzed by sodium hydroxide and related compounds
120}

Me;SiR + PhCHO - Me;SiOCH(Ph)R (2)
R= CGFSs CHzCN

In preliminary communications [21,22] we reported that the addition of 1
arid IT to the carbonyl group of aldehydes (cf. eq. 2) is dramatically catalyzed
by the potassium cyanide-18-crown-6 complex. For example, benzaldehyde
reacted completely with silane I in ether in the presence of catalytic amount of
this complex in less than 5 h at room temperature. These results are consistent
with Reutov’s conclusions [1]. Moreover, it may be assumed that reaction 2
occurred with the intermediate formation of C¢Fs~ and "CH,CN carbanions
according to eq. 3 (cf. [5,15]). The anion-initiated reaction of enolisable
2-methylpropanal [23] with silane I proceeds analogously.

R'CHO R o~ ™ ix R OSiM
_RICHO_ R\ O Megsix R\ ,OSiMe
~ N\ R. H/ ~ T8

(111a-g)

Me,SiR + CN™ == R~ + Me,SiCN 3

X = CGF.')' CHCN, CN

IIIa R=CgFs, R'= Ph Ille R=CH,CN, R'=Ph
IIIb R= CeFs. R'= iso-Pr IIrf R= CHLCN, R'= MeCH=CH
IIIc R=CgFs, R = MeCH=CH IIIg R= CH,CN, R'= PACH=CH

Il1d R=CgFs. R'= PhCH=CH

When «,8-unsaturated aldehydes such as crotonaldehyde or cinnamaldehyde
were used, only 1,2-adducts were formed. Similarly, 1-pentafiuorophenyl-1-tri-
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methylsiloxy-2-4riethylgermyl-1-propene (1V) was obtained when methyl(tri-

ethylgermyl)ketene was treated under the same conditions with silane I
OSiMey

Me(EtyGe)C=C 4)
CeFs

Me(ELGelC=C=0 + Me,SiCqF;

However, attempts to prepare the adduct by treating silane I with highly hin-
dered di-tert-butyl ketone under the influence of KCN, 18-crown-6 catalyst
failed.

The structure of the adducts Ila—d and IV is supported by infrared spectra.
The spectra of IIla, b are quite similar. Significantly there are absorption bands
at 1660—1650, 1518—1500, 1130—1115 (C¢Fs), 1210—1100 (Si—0—C),
1260—1255, and 860—850 cm ™ (Me;Si), and there are no bands attributable
to carbonyl absorption. Moreover, the adduct IV shows absorption bands at
1627 (C=C) and 580 cm™* (Ge—C). Further evidence for the structure by
IITb—e was provides by acid hydrolysis of IIIb—e and isolation of the corre-
sponding alcohols.

In contrast, the action of the silane I on enolizable ketones such as aceto-
phenone, cyvclohexanone, tert-butyl methyl ketone and diisopropyl ketone in
Et.O and in the presence of KCN, 18-crown-6 catalyst gives the corresponding
trimefhylsilyl enol ether along with pentafluorobenzene. However, when THF
was used instead of Et,O in the above reaction, a polymeric product was
formed, which has the empirical formula (C.F.), (ef. {24]1). This product may
be formed via the by-reaction depicted in egn. 5

KCN,18-crown-6

Me;SiCsFs m Me;SiF + 1/n(CsFa)n (5)

A variety of enolizable ketones are susceptible fo this new dehydrogenative.
condensation. For example, of great interest was the success of a similar reac-
tion of silane 1 or 1I with 1-hexyn-3-one which did indeed give the expected
3-trimethylsiloxy-3-hexen-1-yne (VId) in yields of 70% and 33%, respectively.

The mechanism of the formation of silyl enol ethers is thought to involve ini-
tial formation of the carbanion C¢Fs~ or “(CH,CN via a reversible interaction of
cyanide ion with silane I or 11, respectively. Subsequent dehydrogenation of the
enolizable ketone with the carbanion to form the ambident-anion V which then
reacts with Me,SiX (where X = C,F;  CH,CN or CN) to give the silyl enol ether
Vi, eg.:

Me SICFy, + CN™ === CgFg~ + Me,SiCN (8)
OSiMes
- . ~CeFsH I - ., +Me;gSix { ,
CgFy + RCOCH,R R~C=CHR ~———5——s RC=CHR' + X~ (¥d]
(V) vn

VIia R = tert-Bu, R'=H
Vib R=Ph, R'=H

Vic R,R'=—(CH3l—
VId R= CH=C,R'=Et

Recently a similar mechanism has been proposed for the reaction of ketones
with Me,SiCH,COOEt catalyzed by tetrabutylammonium fluoride {12]. Appar-
ently the catalytic function of the fluoride ion in this reaction is essentially the
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same as the function of the cyanide ion in reaction 6. In accord with this view-
point, we have found that potassium cyanide-18-crown-6 complex catalyses the
silylation reaction of phenylacetylene with silane I and I1:

PhC=CH + Me;SiR > PhC=CSiMe; + RH (8

R = C¢F;, CH,CN

Accordingly, disilylated product (VIII) can be prepared by reaction of 3-tri-
methylsiloxy-3-cyano-1-hexyne (VII) with silane 1.

CN - CN
i X Cat t .

n—Pr—Cl:-CECH + MesSiCgFy —— n—Pr—Cl:—C‘—_-‘CSsMe3 + CgFgH 9)
OSiMeg OSiMey

(Vi) (VIII)

It is well known that Me,SiCH,COOE{ also undergoes similar reactions (e.g.
with phenylacetylene) in the presence of n-Bu,NF as the catalyst [12].

In the absence of the catalyst we were unable to silylate acetophenone and
phenylacetylene using silane I even at 80—90°C (49 h).

In order o test the synthetic potential of silane I and related compounds,
we have examined their catalytic reactions with 1,3-diketones. Treatment of
acetylacetone with two molar equivalents of I in the presence of KCN,
18-crown-8 catalyst gives a mixture of the known compound 2-trimethylsiloxy-
2-penten-4-one (IX) [25] and 2,4-bis(trimethylsiloxy)-1,3-pentadiene (X) in
yields of 34% and 50%, respectively. Treatment of benzoylacetone with silane 1
under the same conditions gives similar results. In the case of acetylacetone
(benzoylacetone was not examined in this respect) use of one molar proportion
of the reagents leads only to the product IX. This indicates that the rafe ot
reaction 10a is greater than that of reaction 10b.

- Messi? ? by Me;Si0 OsiMe,
Me,SiCoF, + RCOCH,COCH, " R—C=CH~CCH; —————# R—C=CH-C=CH, (10}
65 (1X) *Me3SiCes (X), (XD
IX R=Me + CgFaH
X R=Me .
XI R=Fh

Accordingly, treatment of dimethylbis(pentafluorophenyl)silane with one
molar equivalent of actylacetone or benzoylacetone proceeded with formation
of the 1,3-exocyclic-endocyclic dienes XII or XIII, respectively

Me,
Si
Me,Si(CgF;), + RCOCH,COCH; —a | [ + 2CgFgH (1)
F“’C§C/C=CH2
XII R =Me H
XIII R = Ph (XII), (XIID)

The reactions 10 and 11 were carried out in evacuated sealed ampoules in
diethyl ether in the presence of a catalytic amount of potassium cyanide-18-
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crown-6 complex. We found that the reaction of acetylacetone with Me;SiCN
under comparable experimental conditions takes a completely different path-
way than Me,SiC¢F's or Me,Si(CgF'5),. When trimethylcyanosilane is treated
with acetylacetone, 2,4-dicyano-2,4-bis(trimethylsiloxy)pentane is formed in
86% yield, but the product is a mixture of meso- and d,l-isomers

CN CN
2 Me,SiCN + CH,COCH,COCH, S LI CH3—(:Z—CH2—-(|IZ-—CH3 (12)
Me,Sio OsiMe,
(XIV)

If only one equivalent of trimethylcyanosilane is employed, the 2/1 adduct
XTIV is also formed and approximately half of the starting g-diketone is
recovered.

As reporied by Ryu and coworkers [26], acetylacetone reacts with one
equivalent of Me,SiCN to give the silyl enol ether IX in a high yield. The reac-
tion conditions used by Ryu et al. were not reported. Moreover, these authors
reported that a reaction of Me,Si(CN), with 8-diketones affords 5-cyano-2,6-
dioxa-1-sila-cyclohex-3-enes. The reaction proceeded immediately without any
catalysts. In the course of this reaction the enol portion of the §-diketone con-
verts to a silyl enol ether fragment while the other earbonyl group is undergo-
ing cyanosilylation [26]. These observations are in contrast to the observed
mode of the sealed tube reaction with trimethylcyanosilane (eqn. 12). The
effects of experimental conditions on these reactions were of great interest, but
the mechanisms of these effects are not clear as yet. Moreover, our results
(eqn. 12) as well as those reported by Ryu et al. [ 26] suggest that cyanosilanes,
Me,;SiCN and Me,Si(CN),, are less effective reagents for the dehydrogenative
silylation of acetylacetone than Me;SiC¢Fs and Me,Si(CFs),.

As mentioned above, freatment of acetophenone with silane I resulted in for-
mation of the expected silyl enol ether VIb as the only product (eqn. 7). It is
noteworthy that the similar reaction with silane I1 yielded the same product
VIb along with 3-phenyl-3-trimethylsiloxybutyronitrile (XV)

cat OSiMe; OsiMes
PhCOCH, + Me;SiCH,CN “Eo PRC=CH, + Ph—C—CH.CN (13)
CH3
(XV)

The adduct XV resulis from a competitive reaction depicted in eqn. 13.

Thus, in the reactions studied the dehydrogenative silylating ability of the
silanes increases in the order Me;SiCN =~ Me,Si(CN), < Me;SiCH,CN <
M338106F5 = MeZSi(CGFs)z.

Experimertal

All reactions were carried out in evacuated sealed ampoules following the
technique described in ref. 27. The IR specira were recorded on a UR-20 spec-
trophotometer. NMR. spectra were obtained on a Tesla BS 487 C (80 MHz)
instrument with cyclohexane as internal standard.
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Reaction of trimethylpentafluorophenylsilane with benzaldehyde

A mixture of 11.01 g of Me;3SiC¢F's, 4.42 g of benzaldehyde, 0.02 g of KCN,
0.12 g of 18-crown-6 and 30 ml of diethyl ether was stirred magnetically at
ambient temperature for 4 h. The solvent was removed under reduced pressure
and the residue was distilled in vacuo to give 8.14 g (56.5%) of phenyl(trimeth-
ylsiloxy)pentafluorophenylmethane (I11a), b.p. 82—84°C/1 mmHg, n#’ 1.4793.
(Found: C, 55.61; H, 4.38; F, 27.86. C,(H;5Fs08Si caled.: C, 55.48; H,4.37; F
27.42%). NMR (CCL,) (3, ppm): 7.28 (m, 5H, C¢Hs), 6.18 (s, 1H, OCH), 0.13
(s, 9H, Me;Si).

1-Pentafluorophenyl-1-trimethylsilcxy-2-methkylpropane (IIIb)

The adduct was prepared in 37. 3% yield by the general method described
above. B.p. 89—90°C/11 mmHg, n3’ 1.4230. (Found: C, 49.88; H, 5.74; F,
32.88. Cy3H,F50S8i caled.: C, 49.99; H, 5.49; F, 32.01%) NMR (CCl,) (3,
ppm): 4.88 (d, 1H, OCH, 3J 10 Hz), 2. 43 (m, 1H =CH), 1.07 (q, 6H, Me,C 3J
6 Hz), 0.27 (s, 9H, SiMe,).

1-Pentafluorophenyl-1-trimethylsiloxy-2-butene (1lic)

6.86 g of Me;3SiCeFs, 2.01 g of crotonaldehyde and 30 ml of ether were
stirred at room temperature for 36 h in the presence of 0.02 g of KCN and
0.12 g of 18-crown-6. The reaction mixture was worked up as usual o give
5.01 g (56.4%) of Illc, b.p. 53—54°C/1 mmHg, rn}’ 1.4336. (Found: C, 50.06;
H, 4. 80 F, 29.61; Si, 8.84. C43H;5F;08i caled.: C, 50.31; H, 4.87; F, 30. 61; Si,
9.05%) IR (em™'): v(Me,Si) 755, 850, 1255, v(SiOC) 1100—1122, v(=CH) 950,
3046, v(CeF's) 1506—1524, »(C=C) 1652. NMR (CCl,) (6, ppm): 5.48—5.77
(m, 3H, CH=CH—CH), 1.72 (d, 3H, CH,, *J 4.4 Hz), 0.10 (s, 9H, SiMe;).

1-Pentafluorophenyl-1-trimethylsiloxy-3-phenyl-2-propene (II1d)

9.09 g of Me;SiCFs, 5.02 g of PhCH=CHCHO, 0.02 g of KCN, 0.12 g of
18-crown-6 and 30 ml of diethyl ether were stirred at ca. 20°C for 20 h. Frac-
tionation of the reaction mixture gave 5.65 g (40.1%) of IIId, b.p. 110—112°C/
1 mmHg, n}] 1.5081. (Found: C, 57.59; H, 4. 49 F, 25.82;Si, 7.27. C,gH, +
FsOSi ca.lcd C, 58.05; H, 4.60; F 25.51; 81, 7. 54%) IR (cm") v(Me,Si)
745—760, 848, 1255, v(=CH) 948 3040, y(Si0OC) 1080, v(C¢Fs) 1502. NMR
(CCL,) (6, ppm): 5.80 (m, 5H, CsHs), 5.11 (m, 2H, CH=CH), 4.24 (d, 1H, =CH,
3J 5.8 Hz) 0.17 (s, 9H, SiMe,).

Hydrolysis of the adduct IIIb. Preparation of I1-Pentafluorophenyl-2-methyl-
propanol-1

Dilute HCI (1.5 N, 6 ml) was added to a solution of IIIb (8.23 g) in 20 ml of
THF. The mixture was stirred at room temperature for 8 h. The organic layer
was washed with water, dried over Na,SO, and evaporated. The residue was
distilled [b.p. 79—85°C (bath temperature)/1 mmHg] as a white solid {m.p.
51—52°C) in 56.5% yield. (Found: C, 49.08; H, 38.87; F, 389.05; C,(H,FsO
caled.: C, 50.01; H, 3.78; F, 89.55%). IR (cm™): p(C¢H;s) 1100, 1500, 1655,

»(OH) 3300. NMR (CCLy) (5, ppm): 4.43 (t, 1H, OCH), 2.11 (m, 2H, g>CH
and OH), 0.82 (q, 6H, Me,C, 37 6 Hz).



1-Pentafluorophenyl-2-buten-1-ol

Using the method described above for ITIb, hydrolysis of ITlc gave the
desired product (62.8% yield). M.p. 37—39°C. (Found: C, 50.56; H, 3.35; F,
39.78. C,H,HsO ealcd.: C, 50.44; H, 2.96; F, 39.89%). NMR (CCl.) (6, ppm):
5.76 (m, 2H, CH=CH), 5.39 (s, 1H, OH), 4.37 (d, 1H,=CH, 3J 5 Hz), 1.72 (d,
3H, CH,, 37 4.6 Hz).

1-Pentafluorophenyl-3-phenyl-2-propen-1-ol

Using the method described above for ITIb, hydrolysis of ITId gave the
desired alcohol (81.3% yield). M.p. 124—125°C. (Found: C, 60.28; H, 3.27; F,
31.82. C;sHyFsO caled.: C, 60.01; H, 3.02; F, 31.64%). NMR (CCl.) (8, ppm):
7.26 (m, 5H, C¢Hs), 6.55 (m, 2H, CH=CH), 5.64 (s, 1H, OH), 2.11 (m, 1H,
=CH).

8-Phenyl-3-trimethylsiloxypropionitrile (Ille)

A mixture of 2.18 g of Me;SiCH,CN, 2.01 g of benzaldehyde, 0.02 g of
KCN, 0.13 g of 18-crown-6 and 20 ml of THF was stirred at room temperature
for 1 h. The reaction mixture was worked up as usual to give 2.91 g (70.2%) of
Ille, b.p. 95—96° C/1 mmHg, n}’ 1.4920. (Found: C, 66.84; H, 7.65; N, 6. 54;
Si, 12 44_C,,H,,NOSi caled.: C, 66.70; H, 7.81; N, 6.39; Si, 12.81%). IR
(cm™1): »(SiOC) 1128, »(C=N) 2220, 2250. NMR (CCL,) (8, ppm): 7.29 (m,
5H, C¢Hs), 4.94 (t, 1H, OCH, 3J 7 Hz), 2.55 (d, 2H, CH,, °J 7 Hz), 0.11 (s, 9H,
SiMe,).

Hydrolysis of the adduct Ille

A mixture of the adduct IIle (5.01 g), methanol (10 ml) and water (5 ml)
was refluxed for 6 h, then poured into water (75 ml) and exiracted with ether
(4 X 50 ml). The combined extracts were washed with water, dried and evapo-
rated. The residue was distilled in vacuo to give 2. 90 g (86.3%) of 3-hydroxy-
B-phenylpropionitrile, b.p. 146—149 C/4 mmHg, r’ 1.5379 (lit. [30] b.p.
147—151°C/4—5 mmHg, n}’ 1.5388).

3-Trimethylsiloxy-4-hexenenitrile (IIIf)

Starting from crotonaldehyde and Me;SiCH,CN this adduct was prepared in
69.5% yield by the general method described above. B.p. 84—85°C/10 mmHg,
n2? 1.4353. (Found: C, 58.75; H, 9.02; N, 7.63; Si, 15.43. C,H,,NOSIi calcd.:
C, 58.98; H, 9.35; N, 7.64; Si, 15.33%). IR (cm™'): »(Me,Si) 755, 850, 1255,
v(SiOC) 1075—1100, »(=CH) 945, 3000, 3040, »(C=C) 1645, 1670, »(C=N)
2220, 2255. NMR (CCl,) (6, ppm): 5.53 (m, 2H, CH=CH), 4.30 (q, 1H, =CH,
3J 5 Hz), 2.30 (d, 2H, CH,, °J 6 Hz), 1.69 (d, 3H, CH,, 3>J 5 Hz), 0.09 (s, 9H,
SiMe,).

3-Trimethylsiloxy-5-phenyl-4-pentenenitrile (11Ig)
Starting from cinnamaldehyde and Me,;SiCH,CN this adduct was prepared in
7 3.2% yield by the general methed described above. B.p. 132—134°C/1 mmHg,
20 1.5199. (Found: C, 63.66; H, 7.56; N, 5.81; Si, 10.18. C;3H,;5 NOSi calcd.:
C 63.65; H, 7.81; N, 5.71; Si, 11.45%). IR (cm™): V(SIOC) 1080—1120,
v(C—C) 1620 1652, V(C—_—N) 2217, 2255.



164.

1-Pentafluorophenyl-1-trimethylsiloxy-2-triethylgermyl-1-propene (IV)

The procadure described for adduct ITId was followed, using methyl(iriethyl-
germyl)ketene in place of cinnamaldehyde, and yielded 89.1% of the desired
adduct IV, b.p. 90—91°C/1 mmHg, n}¥ 1.4684. (Found: C, 48.05; H, 6.31; F,
19.93; Ge, 15.14:; Si, 5.92. C,;H,,F;Ge08Si caled.: C, 47.51; H, 5.98; F, 20.87;
Ge, 15.95; Si, 6.17%). NMR (CCl,) (8, ppm): 1.48 (s, 3H, CH,), 1.03 (m, 15H,
EtaGe), 0.02 (s, 9H, SiMe,).

Reaction of Me,SiCFs with cyclohexanone

A mixture of 9.81 g of Me3SiC¢F's, 4.03 g of cyclohexanone, 0.03 g of KCN,
0.21 g of 18-crown-6 and 30 ml of THF was stirred magnetically at ambient
temperature for 24 h. The solid was filtered off and the filtrate was distilled to
give 2.52 g (86.5%) 1-trimethylsiloxy-1-cyclohexene (Vie), b.p. 71--73°C/20
mmHg, n?’ 1.4451 (lit. [28] b.p. 63—64°C/12 mmHg, nZ 1.4466). GLC analy-
sis of the volatile products showed 2.13 g (31.1%) of pentafluorobenzene. The
crystalline solid was washed with ether and was filtered off to give 2.51 g
(41.5%) of polymeric tetrafiuorophenylene, dec. >360°C (cf. [24]).

Reaction of Me;SiCFs with acetophenone

The reaction was carried out as described above to give a-trimethylsiloxy-
styrene (VIb) (68.1% yield), b.p. 53—54°C/1 mmHg, n#’® 1.5030 (lit. [29] b.p.
53—54° C/1 mmHg, n}’ 1.5040).

3-Trimethylsiloxy-3-hexen-1-yne (VId)

A mixture of 12.49 g of Me;SiC¢F's and 5.01 g of 1-hexyn-3-one and 30 ml
of ether was stirred at room temperature. After 1 h, the reaction mixture was
distilled to give 6.11 g {69.8%) of VId, b.p. 70—72°C/85 mmHg, nZ’ 1.4389.
(Found: C, 64.12; H, 9.63; C,;H,+0Si caled.: C, 63.80; H, 10.06%). IR (cm™):
v(SiOC) 1190, »(C=C) 1635, v(C=C) 2100, v(=CH) 3040, v(=CH) 3315. Based
on the NMR, this material appears to be a mixture of the cis and trans isomers:
cis isomer VId had NMR (CCl,) (8, ppm): 5.03 (t, 1H, =CH, 3J 7.5 Hz), 2.71 (s,
1H, =CH), 2.00 (m, 2H, CH,), 0.91 (m, 3H, CH,), 0.21 (s, SH, SiMe,). trans
isomer VId: 5.21 (t, 1H, =CH, 3J 7.5 Hz), 2.96 (s, 1H,=CH), 2.18 (m, 2H,
CH,), 0.94 (¢, 3H, CH,), 0.36 (s, 9H, SiMes,).

Assignments of cis and #rans are based on the chemical shift of the olefinic
proton, which is farther downfield in the frans isomer (proton trans to acetyl-
enic group) as compared to the cis.

Reaction of Me,SiC¢Fs with phenylacetylene

A mixture of 10.01 g of Me; SiCFs, 4.25 g of PhC=CH, 0.02 g of KCN,
0.22 g of 18-crown-6 and 30 ml of THF was stirred overnight at room tempera-
ture. Fractionation of the reaction mixture gave 4.93 g (68.0%) of PhC=CSi-
Me,, b.p. 66—68°C/5 mmHg, n}® 1.5265. GLC analysis of the volatile products
showed 4.41 g (63.1%) of pentafluorobenzene.

3-Trimethylsiloxy-3-cyano-1-hexyne (VII)
5.81 g of Me,SiCN, 5.62 g of 1-hexyn-3-one, 0.02 g of KCN, 0.11 g of
18-crown-6 and 15 ml of THF were stirred overnight at ambient temperature.
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The solvent was removed under reduced pressure and the residue was distilled
in vacuo to give 8.77 g (76.8%) of the adduct VII, b.p. 76—79°C/10 mmHg,
n#’ 1.4239 (Found: C, €1.31; H, 9.02; N, 7.138; Si, 14.49. C,,H,,;NOSi caled.:
C,61.49;H, 9.77; N, 7.17; Si, 14.38%).

1-Trimethylsilyl-3-trimethylsiloxy-3-cyano-1-hexyne (VIII)

A mixture of 3.69 g of Me;SiC¢Fs, 3.01 g of the adduct VII, 0.02 of potas-
sium cyanide, 0.11 g of 18-crown-6 and 30 ml of ether was stirred at ca. 20°C
for 5 days. The reaction mixture was distilled to give 1.75 g (47.3%) of VIII,
b.p. 61—62°C/1 mmHg, 3’ 1.4358. (Found: C, 58.80; H, 9.80; N, 5.35; Si,
19.89. C,3H,sNOSi, caled.: C, 58.36; H, 9.42; N, 5.24; Sl, 21.00%). IR (cm™):
v(Me,Si) 770, 860, 1252, »(SiOC) 1110, »(C=C) 1180, v(C=N) 2238, NMR
(CCl,) (6, ppm): 1.79 (m, 4H, CH,CH,), 0.95 (m, 3H, CH,), 0.25 (s, 9H, CSi-
Me,), 0.18 (s, 9H, OSiMe,).

2,4-Bis(trimethylsiloxy )-1,3-pentadiene (X)

A mixture of 4.01 g of acetylacetone, 19.22 g of Me3SiC¢F's, 0.02 g of KCN,
0.12 g of 18-crown-6 and 50 ml of diethyl ether was stirred overnight at room
temperature. The reaction mixture was worked up as usual togive 5.31 g
(54.4%) of the pentadiene X, b.p. 78—79°C/4 mmHg, n}’ 1.4470. (Found: C,
53.66; H, 9.58; Si, 22.40. CnH2402812 caled.: C, 54.04; H, 9.89; Si, 22.9%). IR
(cm™): V(SiOC) 1030, v{(C=C) 1600, 1656, v(=CH—) 30690, »(=CH,) 3130.
NMR (CCl,) (6, ppm): 4.59 (s, 1H, =CH—), 4.21, 4.69 (4, d, 2H, =CH,, 2J(H:)
1.93 Hz), 1.79 (s, 3H, CH,), 0.20 (s, 9H, SiMe,), 0.18 (s, 9H, SiMe;).

1-Phenyl-1,3-bis(trimethylsiloxy )-1,3-butadiene (XI)

The butadiene XI was prepared in 82.9% yield by the general method
described above. B.p. 87—89°C/1 mmHg, rn¥ 1.5094. (Found: C, 62.58; H,
8.28; Si, 17.83. C,H,0,Si, caled.: C, 62.69; H, 8.55; Si, 18.33%). IR (cm™):
v(Me,Si) 768, 851, 1252, v(SiOC) 1021, 1083, v(C=C) 1632, v(=CH,) 3110.
NMR (CCl,) (6, ppm): 7.00—7.55 (m, 5H, C¢Hs), 4.79 (s, 1H, =CH—), 4.37,
5.43 (4, d, 2H, =CH,, %J(HH) 1.1 Hz), 0.23 (s, 9H, SiMe;), 0.11 (s, 9H, SiMe;).

1,1,3-Trimethyl-5-methylene-2,56-dioxa-1-silacyclohex-3-ene (XII)

The silacyclohexene XII was prepared in 53 .4% vield by the general method
described above. B.p. 74—76°C/50 mmHg, n3’ 1.4671. (Found: C, 54.01; H,
7.77; Si, 17.78. C;H,,0,Si caled.: C, 53.78; H, 7.75; Si, 17.98%). IR. (cm™!):
»(SiOC) 1038, »(C=C) 1595, 1660, »(=CH—) 3070, »(=CH,) 3127. NMR
(CCL,) (8, ppm): 4.99 (s, 1H, =CH—), 3.79, 3.99 (s,s,=CH,), 1.77 (s, 3H, CH,),
0.25 (s, 6H, SiMe,).

1,1-Dimethyl-3-phenyl-5-methylene-2,6-dioxa-1-silacyclohex-3-ene (XIII)

The silacyclohexene XIIT was obtained in 58 2% yield by the general meth-
od described above. B.p. 74—76°C/1 mmHg, n¥ 1.5801. (Found: C, 65.42;.
H, 6.46; Si, 12.81. C;,H,,0,Si caled.: C, 66.02; H, 6.46; Si, 12.87%). NMR
(CCL,) (6, ppm): 7.63 (m, 5H, C¢Hs), 5.92 (s, 1H, =CH—), 4.32, 4.42 (s, s,
=CH,), 0.34 (s, 6H, SiMe,).
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2,4-Dicyano-2,4-bis(trimethylsiloxy )Jpentane (XIV)

Starting from acetylacetone and Me,SiCN (1 : 2 molar ratio) this adduct was
prepared in 86 0% yield by the general method described above. B.p, 84—86°C/
1 mmHg, n#’ 1.4361. (Found: C, 53.14; H, 8.63; N, 9.29; Si, 18.55; C;3HsNo-
0,Si, calcd.: C, 52.30; H, 8.78; N, 9.38; Si, 18.82%). IR (cm“). v(Me;Si) 755,
845, 1257, v(SiOC) 1083, 1190, »(C=N) 2235. The product was separated into

d,l- and meso-isomers hv preparative GLC. The Dresence of the isomers is con-

Lot gy el W ) 8 8 Les B AT PO VIYS AR, 2235 L= 8L G LIIC InIIIElS In

firmed by two sets of s1gnals in the 'H NMR spectmm (6, ppm): a) 0.28 (s,
9H, SiMe;), 1.67 (s, 6H, 2 CH;), 2.12 (s, 2H, CH,); b) 0.31 (s, 9H, SiMe,;), 1.54
(s, 6H, 2 CH,), 1.87 (s, 2H, CH,).
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